The main purpose of this paper is calculation of differential invariants which arise from prolonged actions of two Lie groups SL(2) and SL(3) on the nth jet space of R 2 . It is necessary to calculate nth prolonged infinitesimal generators of the action.
Introduction
Differential invariants theory is one of the most important concept in differential equations theory and differential geometry. The study of this theory will help us to analyze applications of geometry in differential equations. In this paper we will study some properties of two Lie group actions SL(2) and SL (3) . After finding the Lie algebras of each groups, we will calculate all infinitesimal generators and their nth prolongations.
Next we are going to find the number of functionally independent differential invariants up to order n (i n ), the number of strictly functionally independent differential invariants of order n (j n ), generic orbit dimensions of nth prolonged action (s n ) and isotropic
In this part we are going to define some fundamental concepts of differential equations 
dimension.
According to the last definition, the nth jet space of R 2 has dimension n + 2 since we can write it in the form of R 2 = R × R, (M ≃ R and N ≃ R). 
where Φ x * is the push forward map of Φ x .
See [2] for a proof.
Let G be a Lie group acting on the total space E, then all of infinitesimal generators of the group action have the following form
which is an infinitesimal generator of nth prolonged action of G on E.
N th prolonged action of f represented by
to N (n) (also known as the n − jet and denoted by j n f ), defined by evaluating all the partial derivatives of f up to order n. Now it's time to give a formula to calculate nth prolongations. The following theorem
gives an explicit formula for the prolonged vector field.
First of all we need two important definition.
Definition 1.5
The characteristic of a vector field v on E is a q-tuple of functions Q(x, u (1) ), depending on x and u and first order derivatives of u, defined by 
Theorem 1.7 Let v be an infinitesimal generator on E, and let
Q = (Q 1 , ..., Q q ) be its characteristic.
The nth prolongation of v is given explicitly by
with coefficients
where
See [3; Theorem 2.36] for a proof.
invariant for a connected transformation group G if and only if it is
annihilated by all prolonged infinitesimal generators:
Here x = (x 1 , ..., x p ) is independent variable and u (n) is a coordinate chart on N (n) .
Definition 1.9
The collection {I 1 , ..., I k } of arbitrary differential invariants is called
and strictly f unctionally independent if
Now we are ready to give some formulas for calculating i n , j n , s n and h n .
According to the prolonged action of G on
which consists of all points contained in the orbit of maximal dimension (generic orbit).
thus the number of independent differential invariants of order less or equal to n, forms a nondecreasing sequence
The difference
is the number of strictly functionally independent differential invariants of order n.
Note that j n cannot exceed the number of independent derivative coordinate of order n, so if
is the number of derivative coordinate of order n, so j n ≤ q n , which implies that the elementary inequalities
The maximal orbit dimension s n is also a nondecreasing function of n, bounded by r, the dimension of G itself:
On the other hand, since the orbit cannot increase in dimension any more than the increase in dimension of the jet spaces themselves, we have the elementary inequalities
governing the orbit dimension.
ACTION OF LIE GROUP SL(2) AND SL(3)
In this section we are going to define an action of each Lie group on R 2 , then we will
give the infinitesimal generators arise from Lie algebra and their prolongations, next we will calculate i n , j n , · · ·.
For more details see [2] , [3] and [6] .
Action of SL(2)
Define an action of SL(2) on R 2 ,
The Lie algebra of SL (2) generates by the following matrices:
and the infinitesimal generators corresponding to the above matrices are:
According to the theorem 1.1.7, the three following vector fields are the corresponding prolonged infinitesimal generators:
.
According to the Theorem 1.1.8, the first three differential invariants of order 0,1,2 are functions of u, thus i 0 = i 1 = i 2 = 1, moreover the third one depends both on u and 2u (1) 
, thus i 3 = 2, so the calculations show that i 4 = 3, · · · , i n = n − 1 and also s 0 = 1, s 1 = 2 and s 2 = s 3 = · · · = s n = 3, but j 1 = j 2 = 0 and j 0 = j 3 = · · · = j n = 1,
Action of SL(3)
Similarly, we define an action of SL(3) on R 2 , (3) and (x, u) ∈ R 2 . The Lie algebra of SL (3) generates by the following matrices: 
and by calculating the prolonged infinitesimal generators, we have,
and n, even) , corresponding to minimum value of i in v 8 (n) , j takes its maximum value, i.e. when i increases j decreases.
According to the Theorem 1. 
and the second differential invariant arise from 8th prolonged action depends on the above phrase an the following one 1 207360000 (20412u
. . . more than 10 lines calculation . . .
MORE DETAILS
In this section we will give some details where in special cases we can classify the differential invariants. 
Differential Operators
is called an invariant dif f erential operator for the prolonged group action.
Since if J is any differential invariant, so is DJ. Therefore, we can iterate D, producing a sequence 
